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Methods

Subjects
Between January 2010 and December 2011, 51 consecutive patients with TTC admitted to the Department of Cardiology, University Hospital of Rangueil, Toulouse, France, were prospectively included. TTC was diagnosed according to the following criteria: (1) acute cardiac event such as chest pain, dyspnea or syncope; (2) new electrocardiogram (ECG) abnormalities (ST elevation, T-wave inversion or abnormal Q-waves); (3) left ventricular systolic dysfunction with wall motion abnormalities extending beyond a single coronary perfusion bed (especially transient akinesia or hypokinesia of apical and midventricular segments with basal hyperkinesia); (4) absence of significant obstructive coronary artery disease (ie, ≤50% luminal narrowing) or angiographic evidence of acute plaque rupture in the 3 major epicardial coronary arteries; (5) absence of myocarditis or typical ischemic late gadolinium enhancement on cardiac magnetic resonance imaging (CMRI); and (6) absence of pheochromocytoma. These are some of the criteria proposed by the Mayo Clinic for diagnosis of TTC. 9 A stressful (physical or emotional) event was classically found but was not necessary for the diagnosis. Moreover, during the same period, 50 patients admitted for ACS with troponin elevation and matched for age and sex were prospectively included as a control group. ACS with troponin elevation including ST-elevation myocardial infarction (STEMI) and non-STEMI (NSTEMI) were diagnosed according to the European Society of Cardiology guidelines. 10,11
Clinical Testing
All patients were questioned about their medical history and underwent a standard diagnostic evaluation that included a clinical examination and 12-lead ECG. Demographic data, cardiovascular risk factors, laboratory results and medications were taken from medical records. Obesity was defined as a body mass index ≥30 kg/m 2 . Troponin C was measured on admission and at several times during the in-hospital stay, and only maximum Coronary and left ventricular angiography was performed using conventional angiographic tomography (Allura Xper FD10; Philips Medical Systems). For TTC, coronary angiography was performed 24-72 h after admission and left ventricular angiograms were obtained at the same time in the right anterior oblique and left anterior oblique projections. For ACS, the timing of coronary angiography was chosen according to the European Society of Cardiology guidelines 10, 11 and left ventricular angiography was carried out only when the interventional cardiologist required it (4 patients).
The diagnosis was retrospectively confirmed within 2 weeks after discharge on systematic CMRI (Avento 1.5T; Siemens) excluding the presence of past or recent myocarditis or myocardial infarction.
Psychiatric Assessment
All patients were questioned about their lifestyle and psychotropic medications.
CPS was defined by the presence of personal, familial or social difficulties reported by the patient, such as a dependent child or husband, recurrent familial or professional conflicts and recurrent recent deaths of close friends or relatives (at least 2 deaths in the last 2 years).
The Mini International Neuropsychiatric Interview (MINI) French version 5.0.0 based on the Diagnostic and Statistical Manual of Mental Disorders-IV published by the American Psychiatric Association was used for psychiatric assessment. 12 MINI is a short diagnostic interview schedule that can be easily incorporated into routine clinical interviews. 13 Interview was performed within 48 h after admission. Among the 16 psychiatric disorders explored by the MINI, current or past major depressive disorder, generalized anxiety disorder, dysthymia and post-traumatic stress disorder were selected for systematic psychiatric screening. Anxiodepressive disorders (ADD) were defined as the presence of current or past major depressive disorder and/or generalized anxiety disorder.
Statistical Analysis
Baseline characteristics are summarized as mean ± SD for continuous variables, and as numbers and percentages for categorical variables. Association between categorical variables was investigated using the chi-squared or Fisher exact test when appropriate and the means of continuous variables were compared using a 2-tailed Student t-test. Differences were considered statistically significant for P<0.05. All analysis was performed using Statview (SAS Institute, version 5).
The study was approved by the local institutional committee on human research.
Results
Baseline Patient Characteristics and Diagnosis of TTC or ACS
Among the 51 patients with TTC, 6 (12%) were excluded because of their inability to understand or to answer the MINI (dementia, n=1; aphasia, n=1; mechanical ventilation, n=1; not French speaking, n=3). Among the remaining 45 patients with TTC, 43 were female, of whom 41 were postmenopausal. There was no difference with the matched control patients (91% vs. 94%, P=0.59 and 87% vs. 86%, P=0.92, respectively). Demographic data, cardiovascular risk factors, clinical presentation, ECG changes at presentation, LVEF at admission and biochemical markers are listed in Table 1 .
At admission, patients with TTC suffered more often from dyspnea (49% vs. 24%, P=0.01) whereas chest pain was more frequent in those with ACS (67% vs. 96%, P<0.001). More patients with ACS had ST elevation or ST depression at presentation than patients with TTC. ECG changes at admission in patients with TTC were predominantly T wave inversion (44% vs. 10%, P<0.001), which was accompanied by a longer QT interval. Two patients (4%) and 4 (9%) with TTC had a new left bundle-branch block and abnormal Q waves, respectively, at admission.
As expected, patients with ACS had higher peak troponin than those with TTC (72.9±104.4 pg/ml vs. 6.2±9.4 pg/ml, P<0.001). They also had lower creatinin and better glomerular filtration rate than patients with TTC (74±25 ml/min vs. 89± 33 ml/min; P=0.004). Abbreviations as in Table 1 .
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Coronary and Left Ventricular Characteristics
As required by the TTC diagnosis criteria, no patient with TTC had significant obstructive coronary artery disease but 13 patients (29%) had non-obstructive lesions. No patient with TTC had evidence of plaque rupture or intracoronary thrombus. Thirty-nine patients (87%) had a typical form of TTC with apical ballooning while 2 (4%), 3 (7%) and 1 (2%) had mild ventricular, inverted and diffuse presentation, respectively, as recently described. 14 All patients with TTC underwent CMRI within 2 weeks after discharge, which confirmed complete recovery of LVEF and excluded myocarditis or myocardial infarction.
Among the 50 matched patients with ACS, 32 (64%) and 18 (36%) had STEMI and NSTEMI, respectively. There were 17 (34%), 14 (28%) and 14 (28%) with single-, double-and triple-vessel disease, respectively, on coronarography. Five patients (10%) had no significant obstructive coronary artery disease but had plaque rupture or intracoronary thrombus with recent myocardial infarction confirmed on CMRI.
Lifestyle, Psychotropic Medication Use, Triggers and Psychiatric Status
As shown in Table 2 , patients with ACS and TTC had the same overall lifestyle. There was a tendency for patients with TTC to use more psychiatric medications (ie, anxiolytic, antidepressive or antipsychotic drugs) than those with ACS at admission (40% vs. 22%, P=0.06, respectively).
An acute stressful event within 72 h before presentation was identified in 35 patients (78%) with TTC vs. 9 (18%) with ACS (P<0.001). Triggering stress was emotional for 25 (56%) with TTC and 8 (16%; P<0.001) with ACS; and was physical for 18 patients (40%) and 3 (6%) with TTC and ACS, respectively (P=0.001). Eight patients (18%) with TTC and 2 (4%) with ACS had both stresses (P=0.04). Details of stressful events preceding TTC or ACS are given in Table 2 .
In addition to an acute stressful event, CPS was found in 20 patients (44%) and in 9 (18%) with TTC and ACS, respectively (P=0.005; Table 2 ). Moreover for 2 patients (4%) with TTC, the beginning of dementia was diagnosed during the hospitalization.
There were 35 patients (78%) and 13 (26%) with ADD in the TTC and ACS groups, respectively (P<0.001). Ten patients (22%) with TTC and 3 (6%) with ACS had both generalized anxiety disorder and major depressive disorder (P=0.03). Details for ADD are listed in Table 3 . Among patients with ADD, 17 (49%) with TTC and 6 (46%) with ACS were receiving psychiatric treatment (ie, anxiolytic, antidepressive or antipsychotic drugs) at admission (P=0.88). There were 5 patients (11%) with post-traumatic stress disorder in the TTC group but none in the ACS group, and dysthymia was found in 3 patients (7%) and 1 (2%) in the TTC and ACS groups, respectively. The number of patients was too small for statistical analysis to be performed.
CPS and/or ADD were found in 35 patients (78%) and in 18 (36%) with TTC and ACS, respectively (P<0.001).
Discussion
The present study shows the association between TTC and ADD for the first time using a prospective systematic psychiatric interview and a case-control design. Waldenborg et al, in a prospective cohort study with systematic screening by psychiatric interview, did not find abnormal prevalence of major depressive disorder in a group of 13 patients with TTC. 15 Del Pace et al, in a recent prospective case-control study, found that high anxiety is a common trait in patients with TTC but is not more frequent than in those with acute myocardial infarction. 16 These results are surprising because several previous retrospective studies based on past psychiatric history and use of antidepressant medication suggested an increased prevalence of ADD in patients with TTC. 6-8 We prospectively confirm the latter finding and show that both major depressive disorder and generalized anxiety disorder are common in patients with TTC (73% and 26%, respectively) and more frequent than in those with ACS (26% and 6%, respectively). These incidences are higher than the estimated lifetime prevalence of major depressive disorders in the general population (13% and 5.3% for women and men older than 65 years, respectively). 17 In the present study, use of psychiatric medications in patients with ACS was lower than that reported in a large number of women with suspected coronary artery disease. 18 Nevertheless, contrary to the retrospective report of Mudd et al, 8 we did not find significant difference in antidepressant medication use between patients with TTC and those with ACS, and only half the patients with TTC and psychiatric diagnosis were undergoing psychiatric treatment at admission. We cannot exclude the possibility that the timing of psychiatric interview, within 48 h after admission, may have affected the reliability and reproducibility of the diagnosis of psychiatric disorder. Acknowledging the issue of extraordinary circumstance that could affect the diagnosis, however, the present results emphasize the comparison between TTC and the control group represented by ACS. It is possible that the acute phase could partly hinder the exact prevalence of psychiatric disorders in this group. Nonetheless, interviews were performed in the same conditions and with the same timing for both groups, to ensure meaningful comparison, and supporting the conclusion that ADD are more common in TTC than in ACS.
TTC is traditionally related to an acute stressful event, which explains its alternative name of stress-induced cardiomyopathy. Several cases and reports suggest that post-traumatic stress disorder may contribute to the pathophysiology of TTC. 15, 19 In the present study, an acute stressful event was found as a trigger in more than two-thirds of patients with TTC and the prevalence of post-traumatic stress disorder was 11%. No patient with ACS had post-traumatic stress disorder but the number Table 1 . ADD and TTC of patients was too small to be analyzed statistically. We can hypothesize that post-traumatic stress disorder is the consequence of more acute stressful events in patients with TTC but does not constitute a predisposing factor for TTC. Of the other psychiatric disorders explored, dysthymia was uncommon and did not seem to be more frequent in patients with TTC than in those with ACS, but the small number of patients did not allow for statistical analysis. Furthermore, half the patients with TTC had CPS as a predisposing factor. In the present study, personal, familial or social difficulties considered as CPS, ADD or both were found in more than three-quarters of patients with TTC. The association between ADD, CPS and TTC adds weight to the hypothesis of Summers et al that psychosocial factors (ie, major depressive disorder and CPS) may be a predisposing risk factor, whereas an acute stressful event may ultimately trigger TTC. 6, 20 Animal models of TTC have shown that transient ventricular dysfunction induced by emotional stress is mediated by α-and β-adrenoreceptors. 21 TTC can be induced by catecholamines and β-receptor agonists. 22 These results suggest an important role of acute SNS imbalance in the pathophysiology of myocardial stunning and TTC. 4 Some studies showing increased catecholamine level in plasma, urine or the coronary sinus in patients with TTC highlight this hypothesis. 9,23,24 Anatomopathology of the myocardium of patients with TTC identified myocardial contraction band necrosis, which is a pathognomonic lesion for myocardial catecholamine damage. 24 These increased levels of sympathetic activity are reversible within a few months following the event. 15,25, 26 In contrast, patients with TCC have a marked depression of cardiac parasympathetic activity during the acute phase with fast, complete recovery after the acute phase. 27 These observations suggest that the pathophysiology of TTC may include autonomic nervous system dysfunction: downregulation of autonomic modulation by the parasympathetic tone may lead to an excessive response to acute SNS stimulation, with fast and complete recovery after stimulation. ADD and CPS are associated with biological stress-related mechanisms involving the hypothalamic-pituitary-adrenal axis. 28,29 Norepinephrine spillover is increased in patients with endogenous depression, and disappearance of norepinephrine from plasma is accelerated in patients with depressive illness. These results suggest that norepinephrine neuronal uptake is increased during depression. 30 The SNS is elevated in patients with major depression and is suppressed by short-term use of norepinephrine re-uptake inhibitor. 31 Patients with major depressive disorder have a bimodal distribution of SNS activation, with a subset of patients having extraordinarily high sympathetic nervous activity comparable to that observed in subjects following laboratory mental stress. 32 Comorbid generalized anxiety disorder increases the hypothalamic-pituitary-adrenal axis response to stress in patients with major depressive disorder. 33 The present results support the hypothesis that ADD may contribute to unusually excessive SNS activation in response to stimulation by acute stress in patients with TTC. 20 Finally, as previously reported, we found that TTC occurred predominantly in postmenopausal women. 7, 14 The association between TTC and postmenopausal status is well known and a reduction of estrogen level following the menopause has been reported to be involved in the pathophysiology of TTC. 34 Estrogen supplementation prevents left ventricular dysfunction induced by emotional stress in ovariectomized female rats 35 and attenuates catecholamine response to psychological stress in perimenopausal women 36 and in elderly men with hypogonadism. 37 Furthermore, estrogen prevents upregulation of β1-adrenergic receptors in ovariectomized animals. 38 All these results suggest that estrogen could reduce the SNS activity and the reactivity of the heart to catecholamines. Estrogen deficiency could lead to opposite effects with an increased sensitivity of the myocardium to the SNS. It is well established that total testosterone concentration shows an age-related decline. Dependent on the genetic background, accompanying comorbidities, medications, or adverse lifestyle behaviors, individual testosterone concentrations could be either well preserved against this physiological decline or decrease even more progressively. 39 Men without the identified risk factors maintain constant testosterone levels over time. Moreover, partial androgen deficiency in the aging man is correlated with depressive disorder. 40 These results highlight the relationship between testosterone deficiency and depressive disorders and suggest that aging men could require accumulation of several risk factors to develop TTC, whereas reduction of estrogen level following the menopause could be sufficient to predispose aging women to TTC.
We speculate that the occurrence of TTC depends on the balance of 4 interdependent factors (Figure) : (1) a trigger represented by an acute stressful event; (2) an effector represented by the SNS; (3) a substrate represented by hypogonadism, which induces heart vulnerability to the effector; and (4) a modulator represented by ADD and CPS, which promotes autonomic nervous system dysregulation and exacerbates the response of the effector to the trigger. According to this pathophysiological hypothesis, risk of TTC occurrence would be dependent on the presence of these 4 parameters to various degrees. Acute stressful event, menopause or hypogonadism, and CPS or ADD are not systematically found in patients with TTC, and prospective studies are needed to explore the relative part played by each factor in the pathophysiology of TTC. Studies are also needed to determine if psychotherapy or treatment of ADD can prevent the occurrence of TTC.
In conclusion, ADD and CPS are common in patients with TTC and more frequent than in those with ACS. This study 
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shows, for the first time, that in addition to an acute stressful event, ADD and CPS predispose to TTC. Further studies are needed to explore the systemic effects of ADD and CPS and to determine their role in the pathophysiology of TTC.
